The first 5-year earthquake prediction project in Japan started in 1965. Now, the sixth 5-year project (1989)(1990)(1991)(1992)(1993) is in progress. Various kinds of fundamental observations have been continued and the density of the observation network has increased with time, but there have been no successful cases of earthquake prediction. However, reliable data useful for long-term and short-term prediction are being steadily accumulated, and several cases have suggested the feasibility of earthquake prediction. In the Tokai district of central Honshu, where a major earthquake is expected to occur in the near future, a program for constant monitoring and assessment was formally inaugurated with the goal of forecasting an M8 class earthquake. The results of research on recent major earthquakes in Japan are reviewed as well as the Tokai earthquake problem.
Introduction
The Japanese islands and their vicinity constitute one of the most active seismic regions in the world and have experienced many major earthquake disasters in the past. This fact has led to great interest in earthquake prediction ever since seismological studies were begun in Japan a century ago. Omori (1909) , Imamura (1928) and other Japanese seismologists carried out pioneering research on the periodicity of great earthquakes and on seismic gaps and other subjects. Their research was limited, owing to the level of observations and the inadequacy of data in those days. However, their works contained the beginnings of the important methods used in earthquake prediction today.
Earthquakes occur when stress that has been applied to the earth's crust reaches a limit and a sudden fracture (the sudden slip of a fault) occurs in a part of the earth's crust. In general, brittle materials fracture suddenly, and it is difficult to predict this fracture accurately. Earthquakes take place at intervals of 100 or more years, but practical prediction requires that earthquakes be forecast on the order of days. This raises the question of whether such highly accurate prediction is actually possible.
According to laboratory experiments, the rupture process strongly dependent on the degree of heterogeneity of materials and ruptures of heterogeneous materials do not occur without warning (e.g., Mogi, 1962) . Fortunately, the earth's crust in some seismogenic zones is mechanically complex (for example, in heterogeneous strength distribution), and groundwater exists in the pores of the earth's crust. As stress on the earth's crust increases, crustal changes proceed by degrees, and various phenomena may occur immediately before the principal rupture. If researchers focus on this process and are able to adequately trace it, long-term and short-term prediction may be possible.
Several major earthquakes have occurred since the start of the earthquake prediction program in Japan. Although there have been successful examples of long-term prediction on the basis of seismic gap theory, as for the 1973 Nemuro-Hanto-oki earthquake (Utsu, 1972) , there have been no cases in which all three elements of earthquake predictionplace, magnitude and time-have been successfully forecast. However, reliable data available for prediction are being steadily accumulated, and several cases suggest the feasibility of earthquake prediction.
In this paper, the results of research on major recent earthquakes in Japan is reviewed as well as the earthquake prediction problem in the Tokai region where a major earthquake is expected to occur in the near future.
Earthquake Prediction Program in Japan
The earthquake prediction program in Japan that began in 1965 is now in its sixth 5-year project. However, this program is supported by observation and measurement data accumulated over almost 100 years. In 1883 the Geographical Survey Institute (GSI) carried out nationwide geodetic surveys (leveling and triangulation); these surveys have been repeated at regular intervals since then and whenever a major earthquake has occurred. In addition, the Japan Meteorological Agency (JMA) has made efforts since its early stages to make uniform seismic observations through Japan and has performed instrumental observations for more than 100 years. These data and the results obtained from them enable seismologists today to discuss earthquake prediction from a fundamental standpoint. In recent years, various observation methods for earthquake prediction have been developed and active research has been promoted covering a broad range of fields.
The Japanese program consists of three categories. The first is observations for long-term prediction, such as geodetic surveys, seismic observations and geoelectricgeomagnetic observations. As an example of these observations, the horizontal deformation of Shikoku Island is shown in Fig. 1 (GSI, 1991b) . The broken lines and the solid lines show the maximum contraction and extension in each area, respectively. The low strain state in eastern Shikoku Island is attributed to the strain release by the 1946. Nankaido Earthquake of M8.0 which occurred off the Kii Peninsula and eastern Shikoku. The high strain accumulation in southwestern Shikoku Island is noted. On the basis of the geodetic and seismic data, this region has been marked as a potential region for a future large shallow earthquake (e.g., Shimazaki, 1984) .
The second is observations for short-term prediction, such as continuous observations of crustal movement, seismic observations, geomagnetic and geoelectric observations, geochemical observations and groundwater measurements. As an example of these results, an anomalous change in geoelectric potential prior to an earthquake of M5.6 along the Yamasaki fault in western Honshu is shown in Fig. 2 (Miyakoshi, 1986) . 1901 solid lines, extension (from GSI, 1991b) . The high compressive strain in the NW-SE direction in southwestern Shikoku Island is noted . Fig. 2 . Anomalous change in geoelectric potential prior to an earthquake of M5.6 along the Yamasaki fault in western Honshu (from Miyakoshi, 1986 ).
The third is fundamental studies, such as studies of crustal structures of seismogenic zones, historical earthquake studies, active fault surveys, laboratory fracture experiments and theoretical research on earthquake source processes.
These observations and research projects are carried out by universities, JMA, GSI, the National Research Institute for Earth Science and Disaster Prevention (NIED), the Geological Survey of Japan, the Hydrographic Department of the Marine Safety Agency and other governmental institutions. Figure 3 shows seismographic stations of JMA, NIED and universities. They include array stations in the Tokai and Boso regions having ocean-bottom seismographs. Seismic observations for earthquakes of M3 and over have been conducted by JMA, and microearthquakes in the major part of the Japanese islands have been observed by universities and NIED.
Coordinating Committee for Earthquake Prediction and Earthquake Assessment Committee
In 1969 the Coordinating Committee for Earthquake Prediction (CCEP) was established to gather and examine data on a regular basis and to investigate long-term and intermediate-term prediction. The 30 members of the committee, which meet four times a year, are mostly university staff and government officials who participate in the earthquake prediction program. Two subcommittees meet whenever necessary to examine specific areas and urgent issues.
The possibility of a large earthquake in the Tokai region was first pointed out in 1969 (Mogi, 1970) . It became a major social issue in 1976, because a disaster of serious consequence is expected if an earthquake occurs. In 1978 the Large-Scale Earthquake Countermeasures Act was enacted. Under this law the prime minister is to issue a public warning, and government and private organizations are to respond immediately by adopting effective procedures. As a result of this law, observed data are transmitted to JMA in Tokyo and constantly monitored. If any anomalies are observed, the Earthquake Assessment Committee, which consists of six university professors, is to meet immediately and assess the data. This is an important national experiment aimed at minimizing the disaster by predicting the earthquake, and it is the first step toward practical short-term earthquake prediction in Japan.
Recent Major Topics of Earthquake Prediction
4.1 The 1983 Japan Sea earthquake (M7.7)
On May 26, 1983, a large earthquake (M7.7) occurred on the floor of the Japan Sea off the western coast of northern Honshu. This was the largest earthquake to have occurred on the Japan Sea side of the country, and its focal region covered an area 120km long and 40km wide, extending south to north. This focal region was located 100km out to sea, away from the observation network on land. The Japan Sea is far less active than the Pacific side of Japan, so the monitoring networks there were incomplete. Hence it was not possible to forecast this earthquake on either a long-term or short-term basis. If absolutely no precursory phenomena could be recognized, even after the earthquake, the outlook for earthquake prediction would indeed be grim. Thus the results of investigations after earthquakes are an extremely important indication of the possibility of predicting future earthquakes on the Japan Sea side of Japan and inland, where there is low seismic activity.
The Japan Sea earthquake was preceded by foreshocks which occurred 12 days Large and small stars represent the main shock and the largest aftershock, respectively (from Hasegawa et al., 1985) .
before the main shock, including one of M5.0. Figure 4 shows epicentral locations of the foreshocks (left) and aftershocks (right) (Hasegawa et al., 1985) . Large and small stars in the right figure represent the main shock and the largest aftershock, respectively. Figure 5 shows the epicentral distribution of earthquakes that have occurred in recent years in and around northern Honshu (Mogi, 1985) . The data are from JMA. These data reveal that seismic activity had declined in quite a wide area including the focal region for about 5 years before the main shock. This indicates that a seismic gap of the second kind (meaning precursory seismic quiescence: a seismic gap of the first kind refers to an unruptured area in a seismic belt (Mogi, 1979) ) had appeared. This pattern emerges clearly when the lower limit of the earthquake magnitude is set to 4.0. The appearance of a seismic gap of the second kind is regarded as the most universal long-term precursory phenomenon ever known; the fact that it was also recognized in the case of the Japan Sea earthquake provides us with further valuable data.
At the end of 1978 active earthquake swarms occurred at Iwasaki (western coast of Honshu) and Hakodate (in Hokkaido). The heightened earthquake swarm activity in recent years in northern Honshu, including these two areas, had attracted the attention of many researchers (e.g., Sato et al., 1981) . A subcommittee of the Coordinating Mogi, 1985) .
Committee for Earthquake Prediction discussed whether or not the Iwasaki earthquake swarm was an indication of a future large earthquake, but it could not reach a conclusion before the Japan Sea earthquake. Just after the earthquake, the space-time distribution of noticeable earthquake swarms since 1950 was examined. The data in Fig. 6 are taken from the revised Catalog for the list of earthquake swarms in northern Honshu by Ueki and Takagi (1989) . To express the space-time distribution, latitude is plotted on the vertical axis and time on the horizontal axis in the right figure in Fig. 6 . There was an anomalous increase in earthquake swarm activity at roughly the same time as the appearance of the seismic gap in the adjacent area on the west. This may be viewed as an indication that the earthquake swarm activity was a long-term precursor of the large earthquake.
A leveling survey was carried out on the Oga Peninsula, south of the Iwasaki region (GSI, 1982) . The Oga Peninsula has a tendency to uplift, tilting steadily in a northwestward direction, but it is noteworthy that the rate of the uplift in the 4 years before 1981 was twice that in the previous 8 years. The temporal changes in the tide level at the tide station at Fukaura and Oga on the west coast of northern Honshu indicate uplift from 1978 (GSI, 1984) . The watertube tiltmeters at the Oga crustal movement observatory (Tohoku University, 1984) showed tilt movement rising to the east from 1978.
The reason that this east-rising tilt does not coincide in direction with the northwest-rising tilt of the Oga Peninsula as a whole found through leveling surveys may perhaps be that it was caused by a local block-type movement of the tilt observatory. Collating leveling survey, tidal, and tilt observations shows that the area projecting to the west on the Japan Sea coast close to the seismic gap uplifted prior to the earthquake, and that the commencement of this movement roughly corresponds to the appearance of the seismic gap. In light of this temporal and spatial relationship, it is appropriate to consider these movements as long-term precursory phenomena. Ishii et al. (1987) discussed quantitatively large scale crustal movements of this region before and after the earthquake. The data in Fig. 7 show a seismic gap appearing in mid-1978 and the various changes that occurred around the focal region (Mogi, 1985) . Frequent earthquake swarms, the eruption of active volcanoes, and uplift and tilting of the ground along the Japan Sea coast occurred around the focal region during the same period. Though various long-term precursory phenomena were observed, the only changes that could be described as short-term precursory phenomena were the foreshocks that occurred for 12 days before the main shock. The location of the epicentral region far off the coast could be a major reason for the fact that other marked precursory phenomena were not observed immediately before the main shock. Takagi (1990a) pointed out that three earthquake swarms occurred along the Japan Trench of the Pacific Ocean within one month before the earthquake. They may be a kind of precursory events.
As described above, a seismic gap and other precursory phenomena appeared after mid-1978. On 12 June 1978, the Miyagi-ken-oki earthquake (M7.4) occurred off the Ojika Peninsula on the Pacific Ocean side of northern Honshu. A hypothesis was proposed that the Miygagi-ken-oki earthquake may have triggered many long-term precursory phenomena of the Japan Sea earthquake (Mogi, 1985) .
Though the Japan Sea earthquake occurred far off the coast quite distant from observation networks on land, various kinds of precursory phenomena were observed. This suggests that if careful and appropriate monitoring is carried out, it will be possible to forecast to a certain degree a large earthquake of this magnitude. 4.2 Two major earthquake swarms (1987, 1989) along the Japan Trench Two major earthquake swarms occurred in rectangular areas 2 and 3 shown in Fig. 8(a) . Solid circles are the largest earthquakes in these earthquake swarms. The first one (S) is the Sanriku-oki earthquake swarm which began on October 27, 1989. The largest shock of M7.1 occurred on November 2 and the second largest of M6.5 occurred on October 29. This earthquake sequence can also be recognized as a foreshock-main shock-aftershock type. The epicentral distribution of the main shock and its foreshocks and aftershocks is shown in Fig. 9 (Tohoku University, 1990 ). Before this earthquake, an unusual seismic quiescence in Region 2 was noted by Tohoku University (1989). Based on this result, the Coordinating Committee for Earthquake Prediction also suggested the possibility of occurrence of a major earthquake in the near future. The M-T graph in this region, and those in Regions 1 and 3 obtained by Tohoku University (1991) are shown in Fig. 8(b) . The decrease in seismic activity before the 1989 Sanriku-oki earthquake in Region 2 is quite clear.
The second one (F) which occurred in Region 3 is the Fukushima-ken-oki earthquake swarm which began on February 2, 1987 and continued for a long time. This activity is a typical major earthquake swarm with 5 earthquakes of M>6 (M6.7, 6.6, 6.5, 6.4, and 6.1). As seen in Fig. 8(b) , this event was not preceded by any seismic quiescence, and the seismic activity increased gradually before the earthquake swarm. In this region, a major earthquake swarm including M7.5 occurred in 1938. After the occurrence of the 1978 Miyagi-ken-oki earthquake, the Coordinating Committee for Earthquake Prediction marked this region as the potential region of a future major earthquake on the basis of the seismic gap theory and the past example of the migration of seismic activity from north to south. Takagi (1990b) pointed out that the major earthquakes of the 1987 earthquake swarm occurred at the places where microseismic activity was especially high, and those of the 1938 earthquake swarm occurred at the same places. He suggested that this relation between the microseismic activity and major earthquakes may give a clue for long-term forecasting of major earthquakes in this region. The difference of the seismic features in the. Fukushima-ken-oki region from that of the Sanriku-oki region may be attributed to the difference in structural heterogeneity in these two regions.
1984 Western Nagano Prefecture earthquake (M6.8)
On September 14, 1984, an earthquake of M6.8 occurred at the southern foot of the Ontake volcano in the western Nagano Prefecture, central Honshu, and caused the collapse of a steep slope of the volcano and disastrous mudflows. Focal mechanism analyses (e.g., Takeo and Mikami, 1987) , aftershock observations (Aoki, 1987) , and trilateration surveys before and after the earthquake (Yamashina and Tada, 1985) show that the main fault is a right lateral strike-slip fault with a ENE-WSW direction and the its focal depth is very shallow. Umeda et al. (1986) found that many boulders were thrown out of their former sockets by the main shock, and high acceleration exceeding 1g was estimated in the epicentral area. One day after the main shock, the largest aftershock (M6.2) and its aftershocks occurred near the western end of the main fault. The main shock and the largest aftershock were caused by mutually conjugate fault movements that occurred as the result of compression in the SE-NW direction.
Before the 1984 earthquake, an active shallow earthquake swarm began to occur in and around the epicentral region of the 1984 earthquake in 1976 and continued until the occurrence of the earthquake; and a steam eruption of the Ontake volcano which had no record of eruption in historical time up to that time, occurred in 1979 (Aoki, 1990) . Sugisaki and Sugiura (1986) observed conspicuous anomalies in gas composition at a fumarole of the Ontake volcano and at mineral springs prior to the earthquake. Fig. 10 . Temporal variation of gas chemistry at the fumarole on Ontake. Arrows indicate the Western Nagano Prefecture earthquake (M6.8) of September 14, which occurred only 9km to the southeast 1 week after the measurement in 1984 (from Sugisaki and Sugiura, 1986) . Figure 10 shows the temporal variation of gas chemistry at the fumarole on the Ontake volcano. Arrows indicate the earthquake, which occurred 1 week after the measurement in summer 1984. No other significant short-term precursory phenomena were observed. Around the focal region of the earthquake, there are many active faults including the Atera fault, but no active faults have been found in the focal region (Research Group for Active Faults of Japan, 1991) (Fig. 11) and there are no historical records of strong earthquake in this region (Usami, 1987) .
After the 1984 earthquake, very accurate aftershock observations, seismic explosion measurements, and extensive gravity surveys were carried out in this region (Aoki, 1990) . By these measurements, the detailed crustal structures in the focal region were made clear. Figure 12 shows the epicentral locations of the main shock and aftershocks of the 1984 earthquake and the Bouguer gravity anomaly in and around the focal region (Shichi et al., 1992) . The main fault of the 1984 earthquake was located just on the southern side of the steep gradient belt of gravity anomaly dipping towards north and the fault of the largest aftershock was located at the western end of the above-mentioned steep gradient belt. The thickness of the upper low velocity layer changes in the same way (Ikami et al., 1988) . Mizoue and Ishiketa (1988) . deduced the existence of a molten material at depths of 10-15km in the earthquake swarm region from seismic wave data analysis, and suggested a close relation between the 1984 earthquake and the magmatic activity.
Thus, the 1984 Western Nagano Prefecture earthquake which occurred in a structurally very complex volcanic region was preceded by various kinds of precursory phenomena and it was suggested that fundamental research on tectonic structures may give important information for forecasting such inland earthquakes.
Earthquakes in the Izu Peninsula region
No major earthquakes occurred on or in the vicinity of the Izu Peninsula, located approximately 100km southwest of Tokyo, during nearly four decades after a period of activity around 1930. Since 1974, major earthquakes and earthquake swarms have occurred frequently (Mogi, 1990 ). Figure 13 shows major seismic events in the four successive periods. In 1974, the Izu-Hanto-oki earthquake of M6.9 occurred rather suddenly, and following this event, an anomalous crustal uplift of as much as 15 cm was observed in the eastern Izu Peninsula in early 1975 (A in Fig. 13) (GSI, 1976) . After the 1974 Izu-Hanto-oki earthquake, microearthquake swarms were observed also in the eastern part of the Izu Peninsula (Tsumura et al., 1977) . In the latter stage of the period (A), the Coordination Committee for Earthquake Prediction discussed frequently whether or not the crustal uplift and the earthquake swarms suggested a future large earthquake. One opinion was that this activity is only an after effect of the 1974 earthquake and that it may decrease with time. Another opinion was that this crustal activity indicates stress build up in this area (the dotted region in A in Fig. 13 ). In the 1974 Izu-Hanto-oki earthquake, the plate motion in the south-west side of the earthquake fault might have been accelerated via this right-lateral strike-slip fault, and the stress in the dotted region may have increased. Observations were intensified.
On January 14, 1978, the Izu-Oshima-kinkai earthquake of M7.0 occurred on the southern boundary of the above-mentioned uplift region, as shown in B in Fig. 13 . -1978 , January), C (1978 February-1985 ), and D (1986 in and around the Izu Peninsula. Solid lines, earthquake faults; shaded areas, earthquake swarm regions; contour curves, crustal uplift; stars, volcanic eruptions.
Remarkable foreshock activity increased several hours before, and then abating temporarily until the main shock occurred (e.g., Tsumura et al., 1978) . Several other short-term precursory phenomena were observed (JMA, 1978; Yamaguchi and Odaka, 1978; Wakita et al., 1980 Wakita et al., , 1988 . Some of these precursory changes are shown in Fig. 14. In this case, many of the data were not telemetered to Tokyo, and the monitoring system did not provide complete information on the whole situation, so it was not possible to predict this earthquake. From the end of 1978, marked earthquake swarms began to occur off the east coast of the Izu Peninsula near Ito. On June 29, 1980, a large earthquake of M6.7 occurred when a northward migration was anticipated after the 1978 earthquake, as shown in C in Fig. 13 . This earthquake which occurred by left-lateral strike-slip faulting in the N-S direction, was preceded by marked swarm activity. In this stage, models showing that these earthquake swarms may be caused by magma intrusion were presented by several investigators (e.g., Hagiwara, 1977; Mogi, 1982; Ishida, 1984; Sasai and Ishikawa, 1985; Shimazaki, 1987; Tada and Hashimoto, 1988) .
During the period shown by D in Fig. 13 , which started from the 1986 eruption of the Izu-Oshima volcano, marked earthquake swarms occurred successively off the east coast of the Izu Peninsula, migrating from SE to NW after the 1986 eruption of Prediction Research in Japan 547
Fig. 14. Short-term precursory phenomena prior to the 1978 Izu-Oshima-kinkai earthquake (M7.0) (from Mogi, 1982; Wakita et al., 1988) . Vol. 43, No. 5, 1995 the Izu-Oshima volcano. On 13 July, 1989, a submarine volcanic eruption occurred just after the peak of an earthquake swarm, at the center of the focal region of the swarm, near Ito (e.g., JMA, 1990) . Figure 15 shows the temporal variation of the hourly number of earthquakes observed at the Kamata seismological station of JMA (Mogi, 1990) . The ordinate is the logarithm of the number of earthquakes and the abscissa is time.
It is noted that a number of earthquake swarms occurred in succession. In this figure, the rate of decreasing earthquake frequency of each earthquake swarm is different between the early stage and the later stage. This suggests a change in mechanical state in the earthquake swarm region. Figure 16 shows the crustal uplift in successive periods determined by leveling surveys (e.g., GSI, 1990 ) and locations of earthquake swarms obtained from data of Mogi, 1990) .
the Earthquake Research Institute. There is a close relation between the marked uplift and strong earthquake swarms (Mogi, 1988; Ishii, 1989) . When the east coast region of the Izu Peninsula was uplifted, marked earthquake swarms off Ito occurred. This result was explained by the above-mentioned magma intrusion model. From 1986 to 1989, both the rate of crustal uplift and earthquake swarm activity increased, and in 1989 a submarine volcanic eruption occurred off Ito. Figure 17 shows the horizontal and vertical distributions of earthquakes in the three earthquake swarms in 1988 (JMA, 1989 . In this figure, the northwestward migration of swarm activity and the decreasing focal depths are notable. A submarine volcanic eruption occurred on July 13 nearly at the center of the focal region of the third of the three above-mentioned swarms, and formed a new crater (Oshima et al., 1991) . When the earthquake swarm began in July, just before the eruption, the Coordinating Committee for Earthquake Prediction remarked that the focal depths of earthquakes in the swarm were extremely shallow. During the active earthquake swarm preceding the volcanic eruption, very marked ground deformations-the domed uplift by leveling survey (GSI, 1990) , the increase in the horizontal distance by geodimeter measurement (Tsuneishi, 1991) and GPS observation (Fujinawa et al., 1991) , the ground tilt by a borehole tiltmeter -were observed in the focal region of the earthquake swarm. Figure 18 shows the tilt curves observed by a borehole tiltmeter at Ito. Okada and Yamamoto (1991) and Tada and Hashimoto (1991) explained these ground deformations quantitatively by a magma intrusion model. Since the 1989 event, the crustal activity in this region has been nearly quiescent. Collating the northward migration tendency of large earthquakes since 1974, the subsequent seismic gap, the state of the submarine topography, active faults, and the periodical occurrence of strong earthquakes (Ishibashi, 1985) , it can be said that future earthquakes may occur in the western part of Sagami Bay, so care is required. However, we must consider that the great Kanto earthquake in 1923 (M7.9) occurred along the Sagami trough and released crustal strain in this region. Consequently, it is difficult to judge the strain accumulation in the western part of Sagami Bay. However, in view of the situation described above and the fact that several tens of years have passed since the great Kanto earthquake, it is necessary to maintain an intensive observation system and to continue monitoring.
Earthquake prediction problem in the Tokai region
The possibility of a large shallow earthquake occurring in the Tokai region of central Honshu, Japan was first suggested in 1969 (Mogi, 1970) , and the Coordinating Committee for Earthquake Prediction designated this area as a region for special observation. In 1973 the area was specified as a region for intensified observation, and observations of crustal movements, seismic activity etc. were increased. In 1976 Ishibashi (1976 Ishibashi ( , 1981 presented a hypothetical fault model of the expected Tokai earthquake and emphasized that its focal region would occur behind Suruga Bay, possibly inflicting great damage on the coastal region. This report had an enormous social impact on the district centered on Shizuoka, and there were increased calls for the establishment of a system for predicting this earthquake. Observations in this area were reinforced, and currently 133 data sets are telemetered to JMA in Tokyo, where they are monitored 24 h a day. Figure 19 is the distribution of observation stations located from the Tokai region to the southern Kanto district, and Fig. 20 shows the locations of recent earthquakes observed by this dense network. If any anomalies are discovered, the Earthquake Assessment Committee will be convened. If the Committee decides that [1989] [1990] [1991] observed by the seismic observation system in and around the Tokai region.
the anomalies are the immediate precursors of a great earthquake, the Director General of JMA is to report these to the Prime Minister, who will immediately announce them to the public. There are two reasons why a major earthquake is expected in the Tokai region in the near future, as follows.
(1) Large low-angle thrust type shallow earthquakes have occurred repeatedly at quite regular intervals of 100 to 150 years along the Nankai trough-Suruga trough. These earthquakes are caused by the subduction of the Philippine Sea plate beneath the Eurasian plate. Figure 21 shows the focal regions of large earthquakes in this area since 1700. In both the 1707 and 1854 earthquakes the rupture zone extended over the whole region from the Nankai trough to the Suruga trough (Ando, 1975; Ishibashi, 1976; Utsu, 1977) . In the 20th century the 1944 Tonankai earthquake (M7.9) and the 1946 Nankaido earthquake (M8.0) occurred along the Nankai trough, but the zone along the Suruga trough, which is the eastward extension of the former, remains unruptured. The Tokai region along the Suruga trough is therefore a seismic gap of the first kind, and has a high potential as the site of the next large earthquake. Since there are no records of a large earthquake having occurred independently in the Suruga trough, however, there are problems in making this simple inference.
(2) The results of leveling surveys, tide-gauge observations and triangulation surveys (trilateration surveys nowadays) by GSI over several decades have revealed a marked subsidence of the west coast of Suruga Bay and a reduction of the horizontal distance across the Suruga trough as much as one meter (e.g., GSI, 1977 GSI, , 1991a .
The marked subsidence along the trough, where the Philippine Sea plate is sub- (1950-1972) and (1973-1991 Sato, 1977; Mogi, 1984 Mogi, /1985 from 1854. However, the 1944 Tonankai earthquake and the 1946 Nankaido earthquake occurred adjacent to the Tokai region. They could be described as tectonically related to the future Tokai earthquake and thus should provide valuable information. As shown in Fig. 25 , in both of these earthquakes the trough side began to uplift a day or two before they occurred (Sato, 1970 (Sato, , 1977 Mogi, 1984 Mogi, /1985 . Before the Nankaido earthquake, marked anomalies were also observed in the wells and hot springs along the coast (Komukai, 1948) as shown in Fig. 26 . Consequently, if similar phenomena occur before the Tokai earthquake, the changes should be sufficiently marked to be recorded by the present network of highly sensitive observation stations in that region.
Conclusion
An outline of the earthquake prediction program which started in Japan in 1965 has been presented, and research on recent major earthquakes from the viewpoint of earthquake prediction has been reviewed. Examining and reconsidering what kind of response we made prior to these earthquakes and what kind of observational data were obtained after the earthquakes are necessary processes that must be gone through when considering the possibility of earthquake prediction in the future and when moving earthquake prediction forward toward practical application. In Japan, there has not been a single example of successful earthquake prediction in practical terms. This demonstrates directly the current state of earthquake prediction. In the Tokai region, however, since the possibility of prediction exists, active efforts must be made to minimize the expected disaster by forecasting the earthquake.
For earthquake prediction, the promotion of modern and multidisciplinary observations are essential, and various kinds of fundamental studies, such as the overall understanding of process of earthquake occurrence and tectonics of seismogenic zones, are also important. These subjects are discussed in other articles in this volume.
